We present a simple and precise protocol for standard quantum teleportation of N-qubit state, considering the most general resource q-channel and Bell states. We find condition on these states for perfect teleportation and give explicitly the unitary transformation required to be done by Bob for achieving perfect teleportation. We discuss connection of our simple theory with the complicated related work on this subject and with character matrix, transformation, judgment and kernel operators defined in this context. We also prove that the magic basis discussed by Hill and Wootters [Phys. Rev. Lett. 78 (1997) 5022] does not exist for entangled 2N-qubit states with N > 1 but magic partial bases, similar to those discussed recently by Prakash and Maurya [Optics Commun. 284 (2011) 5024] do exist. We give explicitly all magic partial bases for N = 2.
Introduction
Quantum teleportation (QT) means transfer of information encrypted as q-state of some system with a sender, say, Alice, to a distant receiver, say, Bob without sending the system or any part of information directly. The information is transferred and a similar system with Bob becomes a replica of Alice's system by acquiring the qstate representing the information. Bennett et al [1] gave the first protocol for QT of one qubit of information using a quantum channel between the parties, involving sharing of an EPR entangled pair [2] of qubits and a classical 2 c-bit channel for communication by Alice to Bob of result of a Bell state measurement (BSM) by Alice on her two qubits, the one having information encrypted and the one shared by Alice out of the entangled pair. Bob performs a unitary transformation on the q-state of his particle, dependent on the result of BSM, and generates replica of the original q-state on his particle. Quality of QT is decided by fidelity F given by to SQT with F = 1. Existence of such magic bases has been reported, in addition to Hill and Wooters [3] , only by Prakash and Maurya [4] recently for entangled 3 qubit state in SQT using BSM with 3 entangled qubit states and in CQT using BSM with 2 entangled qubit state when the destinations of the 3-entangled qubits are fixed. These authors note that in other cases similar sets of magic bases with 4 or 2 basis states are obtained and they call these magic semi-bases or magic quarter bases. QT of information encoded on superposed coherent state has also been studied [5] [6] [7] as superposed coherent states are more robust against decoherence [6] . For these studies [5, 7] and for QT using non-maximally entangled states of qubits, it is seen that the fidelity F depends on the information state I and one has to define the minimum assured fidelity (MASFI) [7] , as the minimum value of F over the various possible states I . It can be shown that for QT with superposed coherent states, concurrence C = 0 leads to MASFI = 0 and for QT with non-maximally entangled state of 2 qubit MASFI = 2C/(1+C) [8] .
QT has been realized experimentally [9] [10] [11] and also generalized for QT of N qubits [12] [13] [14] [15] [16] . It has been shown that for QT of N qubits, the resource has to be entangled state of at least 2N qubits [17] . If entangled 2N qubits are used QT is called standard quantum teleportation (SQT) and if the number of entangled qubits greater than 2N are used and the extra qubits are sent to additional parties, the process is called controlled quantum teleportation (CQT) and it increases the security. Secure exchange of quantum information has been studied recently by Mishra, Maurya, and Prakash [18] Yang and Guo [19] were the first to study SQT of multi qubits using 4-qubits entangled state. Lee et al [20] also studied the same problem. Rigolin [21] studied this problem in great detail and gave a set of 16 generalized Bell states of 4-entangled qubits. Rigolin also described a magic basis but this was different from the HillWootters magic basis in that it does not satisfy the property with F=1. Rigolin's multi-particle states were shown by Deng [22] to be tensor product of ordinary Bell states. Deng [22] also showed that Rigolin's protocol is in principle the same as the protocol of Yang and Guo [19] . Yeo and Chua [23] gave a protocol for perfect QT of an arbitrary 2-qubit state using genuine multipartite 4-qubit entangled state, which cannot be reduced to a tensor product of two ordinary Bell states. Li et al [24] went a step further and gave a protocol for QT of 3-qubit state using genuinely entangled six-qubit state. Zha [25] as ancilla making the required transformation on his 3 particles. There will be QT with success only if the ancilla is found in the state 0 but failure otherwise, giving success less than unity. The authors also considered non-Bell pair quantum channel. As an example, the authors considered an entangled state which was not factorizable in two Bell states (like Rigolin's g-states) and evaluated the TO. Zha and Ren [27] extended their work further and analyzed the relationship between determinant of TO and a stochastic local operations assisted by classical communication (SLOCC) transformation invariant L and conclude that QT will fail if L is zero. Chen et al [28] commented that Zha-Ren protocol [27] is equivalent to Rigolin's protocol [21] in principle, and TO can be used as a means to transform an arbitrary four qubits entangled state into a tensor product of two Bell states. In reply to the comments of Chen et al [28] on their protocol, Zha & Ren [29] remarked that their protocol can be generalized to multipartite and non-symmetric quantum channels and the Rigolin's protocol [21] is only a special case of their protocol. Li et al [30] gave a protocol for teleporting an arbitrary three qubits state by using genuine six qubits entangled state. By utilizing the method of Zha and Ren [27] , Zhang et al [31] have worked out the TO for the case of QT of 3-qubits using an arbitrary six qubits state as quantum channel.
The QT of an arbitrary N qubits state has been studied by many authors [12] [13] [14] [15] [16] . Chen et al. [12] gave a protocol for QT of an arbitrary N-qubit state using 2N-qubit entanglement channel which is a tensor product of N-Bell states. Man et al [13] have considered the CQT of an arbitrary N-qubit state using (2N+1)-qubit entangled state. Quan et al [14] defined a character matrix for a 2N-qubit state and showed that there exist a maximal entanglement between two subsystems of particles 12…N and (N+1) (N+2)……2N if and only if the character matrix is unitary. The character matrix is characteristic of the quantum channel. Ming et al [15] gave a criterion for the quantum teleportation of an arbitrary N-particle state using 2N-particle entangled state by introducing a "judgment operator", writing 
where J is the judgment operator and MES stand for "maximally entangled states". Obviously this judgment operator J is a straight forward genaralization of Zha and Song [26] transformation operator. The 2 2N Bell states have been formed by application of products of Pauli operators on N-qubits of an entangled 2N-qubit state which is one in the family of Bell states. When the result of BSM is this Bell state, Ming et al [15] call their judgment operator as "head judgment operator". Qin et al [16] introduced a "Kernel Operator" in teleporting an arbitrary N-qubit state by using 2N-qubit entangled state. A critical examination reveals that this kernel operator is same as the head judgment operator. In this paper we present a simple and precise protocol for SQT of an arbitrary N-qubit state and prove that the magic basis does not exist for 2N entangled qubits with N > 1 but magic partial bases do exist. In section 2, we present our protocol for SQT and analyse using general quantum channel and measurement bases. We find condition on resource q-channel and Bell states for achieving perfect QT. We also find that the unitary transformation required to be done by Bob for perfect QT and discuss the connection with character matrix [14] transformation operator [26] , judgment operator [15] and kernel operator [16] . In section 3, we prove that the Hill and Wootters type magic basis cannot exist for entangled 2N qubit state for N > 1. In section 4, we show further that some magic partial bases do exist for entangled 2N qubit states and give explicitly these for N = 2.
SQT of an Arbitrary N-Qubit Information State
Let the N-qubit information required to be teleported be encrypted in the state with Bob, can be written similarly in the form,
Coefficients E jk help us define a 2 N ×2 N matrix E and an operator
(2.5)
It may be noted that the matrix E is 2 -N/2 times the character matrix defined by Quan et al [14] .
In the most general case, the 2 2N Bell states can be written as Normalization conditions give
Completeness relation for
On comparison with resolution of unit operator in the form If we take α C real and equal to N 2 , we can write
It may be noted that
is same as the transformation operator used by Zha and co-workers [27] or the judgment operator used by Ming et al [16] . If the Bell U is head judgment operator of Ming et al [15] or the kernel operator of Qin et al [16] or the transformation operator 00 56 σ of Zha and co-workers [27] for N = 2.
Non-Existence of Hill-Wootters Type Magic Bases for Entangled 2N Qubit State with N>1
Hill and Wootters [3] showed existence of a magic basis for 2 qubit entangled states being used as quantum resource in SQT of single qubit. If Mechanics; see,e.g., reference [32] .
anticommute is impossible. This is clear from the fact that, if we consider the product 
they can be connected by a unitary transformation and we can write 
, and therefore, 
where the decimal number α has quaternary representation 1 α 2 α , i.e., One can write multiplication table for these matrices and see that the sets of mutually anticommuting matrices with maximum possible elements are {F, G, D 1 , D 2 ,  D 3 }, {G, H, B 1 , B 2 , B 3 },{H, F, C 1 , C 2 , C 3 }, {A 1 , A 2 , B 3 , C 3 , D 3 }, {A 2 , A 3 , B 1, C 2 , D 2 },  {A 3 , A 1 , B 2 , C 2 , D 2 }, {F, G, H,} and {A 1 , A 2 , A 3 },the magic partial bases are the sets of
